Abstract. Accumulating evidence indicates that dysregulation of microRNA-133b (miR-133b) is an important step in the development of certain types of human cancer and contributes to tumorigenesis. Altered expression of miR-133b has been reported in colon carcinoma, but its association with clinical stage in colorectal cancer (CRC) has remained elusive. Connective tissue growth factor (CTGF), a potentially promising candidate gene for interaction with miR-133b, was screened using microarray analysis. The expression of miR-133b and CTGF was evaluated using reverse transcription-quantitative polymerase chain reaction and western blot analysis. The regulatory effects of miR-133b on CTGF were evaluated using a dual-luciferase reporter assay. CTGF was identified as a functional target of miR-133b. The results demonstrated low expression of miR-133b in CRC specimens with poor cell differentiation (P=0.011), lymph node metastasis (P=0.037) and advanced clinical stages (stage III or IV vs. I or II; P=0.036). Furthermore, there was a significant association between a high level of expression of CTGF mRNA and an advanced clinical stage (stage III or IV vs. I or II; P=0.015) and lymph node metastasis (P=0.034). CTGF expression was negatively regulated by miR-133b in the human colorectum, suggesting that miR-133b and CTGF may be candidate therapeutic targets in colorectal cancer.
Introduction
Colorectal cancer (CRC) is the most common malignancy of the digestive tract worldwide (1) , and the incidence is steadily increasing, partly as a result of recent changes in lifestyle and dietary habits (2) . Survival rates in CRC depend on early diagnosis and treatment. However, the lack of a reliable biomarkers of CRC remains a significant obstacle to a timely diagnosis.
Recent studies have suggested that dysregulation of microRNAs (miRNAs) is an important step in the development of a number of types of cancer, including CRC. miRNAs may function as potent regulators of gene expression and altered miRNA levels may result in the aberrant expression of gene products that are involved in tumorigenesis (3) . miR-133b was initially hypothesized to be a muscle-enriched miRNA. Through targeting of genes involved in cardiac development and cardiac channel expression, miR-133b has been implicated in the regulation of cardiac myogenesis and cardiac ion channel expression (4) . It has recently been reported that the expression of miR-133b is downregulated in gastric and esophageal adenocarcinomas as well as colorectal tumors (5, 6) . However, its role and relevance in colorectal cancer remains largely unknown.
Connective tissue growth factor (CTGF) is a member of the CCN cysteine-rich family of proteins. These proteins are known to stimulate mitosis, adhesion, apoptosis, extracellular matrix production, growth arrest and migration in numerous cell types (7) . CTGF is known to be important in the prevention of hypoxia-induced apoptosis and the promotion of epithelial-mesenchymal transistion (EMT) in tumor-reactive stroma; in addition, CTGF has been shown to be involved in the development of malignancy in a number of organs (8) . A series of studies have suggested that a high level of CTGF expression is associated with tumor progression and clinical stage (9) (10) (11) (12) (13) (14) . CTGF expression is induced by transforming growth factor (TGF)-β as well as other prohypertrophic stimuli, such as endothelin. In addition, studies have reported that the regulation of CTGF expression may be correlated with that of miR-145 and miR-30 (4, 15) . Of note, a bioinformatics targetscan analysis indicated putative miR-133b binding sites within the 3'-untranslated region (UTR) of CTGF.
In the present study, the expression pattern of miR-133b and CTGF was examined in human CRC tissues and CRC cell lines. In addition, the possible target genes of miR-133b were identified. Furthermore, the association between the Plasmid construction and transfection. The miR expression vector pYr-pri-miRNA (YRBIO Co. Ltd) was used to construct a pYr-pri-Homo sapiens (hsa)-mir-133b plasmid. Human genome DNA was used as the template. A fragment of ~600 bp containing pri-miR-133b was cloned into the pYr vector. HT-29 and SW-620 cells were seeded at 3x10 4 cells per well in 12-well plates and transfected the following day in Opti-MEM medium with pYr-pri-hsa-mir-133b plasmid (80 nmol/l; Shanghai GenePharma Co., Ltd.) using Lipofectamine 2000. Cells were harvested three days prior to transfection.
RNA labeling and microarray hybridization. The CRC cell lines and transfected cell lines were sent to CapitalBio (Beijing, China) for microarray hybridization. Cells were centrifuged in RNase-free tubes treated with TRIzol ® reagent (Invitrogen Life Technologies) and stored at -80˚C prior to RNA extraction, which was performed according to the manufacturer's instructions (Invitrogen Life Technologies). The RNA was purified using the NucleoSpinH RNA clean up kit (Macherey-Nagel, Düren, Germany). RNA concentration was assessed by Nanodrop 2000 spectrophotometry (Thermo Fisher Scientific, Waltham, MA, USA). RNA quality was determined by formaldehyde denaturation electrophoresis, and only those samples showing no degradation (ratios approaching 2:1 for the 28S and 18S bands) were used to generate labeled targets.
Each RNA sample was hybridized to one Roche NimbleGen Porcine Genome Expression Array (Roche, Basel, Switzerland). Briefly, double-stranded cDNA was synthesized from 6 mg total RNA using a T7-oligo (dT) primer. The cDNA was further purified and converted into cRNA using an in vitro transcription reaction. 5 mg cRNA was reverse transcribed to cDNA, fragmented and then labeled with Cy5-dCTP and Cy3-dCTP (GE Healthcare, Little Chalfont, UK) using Taq DNA enzyme (Carolina Biosystems, Beijing, China). These labeled cDNA fragments were hybridized for 16 h at 45˚C using the 2X GE Hybridization Buffer (Roche Genome Expression Array kit; Roche). The GeneChips were then washed, stained and scanned with an Agilent G2565CA Microarray Scanner (Agilent Technologies, Santa Clara, CA, USA).
Data analysis. Agilent Feature Extraction software (version 11.0.1.1; Agilent Technologies) was used to analyze the acquired array images. Quantile normalization and subsequent data processing were conducted using the GeneSpring GX v12.0 software package (Agilent Technologies). Following quantile normalization of the raw data, genes with ≥1 out of 2 samples with raw data in the microarray were selected for further data analysis. Differential expression of genes was considered significant if the false discovery rate (FDR) was calculated to the correct P-value (controlling the expected FDR to no more than 5%) and the fold change >|1.5|. Hierarchical clustering was performed using the Agilent GeneSpring GX software (version 12.0; Agilent Technologies).
RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was isolated using E.Z.N.A.
® Total RNA kit II (Omega Bio-Tek Inc., Norcross, GA, USA). miRNA was isolated using E.Z.N.A. PF miRNA Isolation kit (Omega Bio-Tek Inc.). Large RNA reverse transcription was performed using the RevertAid first-strand cDNA synthesis kit (Thermo Fisher Scientific Inc., Vilnius, Lithuania). miRNA reverse transcription was performed using an All-in-One™ miRNA qRT-PCR Detection kit (GeneCopoeia, Inc., Rockville, MD, USA). qPCR was performed using Real-Time Quantitative PCR SYBR Green detection reagent (Cowin Biotech Co., Ltd., Beijing, China). miRNA qRT-PCR was performed using All-in-One™ miRNA qRT-PCR Detection kit (GeneCopoeia, Inc.). Primers utilized for cDNA amplification are summarized in Table I . The following reaction conditions were used: An initial 10 min at 95˚C; then 40 cycles of 20 sec at 94˚C, 15 sec at 59˚C and 30 sec at 72˚C. The standard PCR reaction mixture then underwent a final extension for 5 min at 72˚C, while the quantitative PCR mixture was subjected to melting curve analysis to validate the reaction product specificity. The relative expression of CTGF was normalized to that of GAPDH using the 2 -∆∆CT -method. The relative expression of miR-133b was normalized to that of U6-snRNA using the 2 -∆∆CT -method. Each sample was amplified in triplicate.
Dual-luciferase reporter gene analyses. SW-620 and HT-29 cells were seeded in a 96-well plate at 2x10 4 cells per well and incubated overnight. miR-133b was transfected into SW-620 and HT-29 cells using Lipofectamine 2000. At 24 h after transfection, cells were transfected with the pYr-MirTarget Renilla luciferase plasmid in combination with the CTGF 3'-UTR expression plasmid (Cignal Reporter Assay kit; Qiagen, Hilden, Germany). Cells were harvested at 48 h following transfection and assayed for luciferase activity using the Dual-Luciferase Reporter Assay System (Promega Corp., Madison, WI, USA). Luciferase activity was normalized against that of Renilla luciferase. Luminescence was quantified with a luminometer (Sirius single tube luminometer, Belthold, Wildbad, Germany). All experiments were performed in triplicate.
Tissue specimens. The human CRC tissues (histologically confirmed as adenocarcinoma of the colon) and adjacent non-cancerous tissue counterparts used for RT-qPCR and western blotting were obtained from patients who underwent surgical resection of CRC at the Third Affiliated Hospital of Central South University (Hunan, China) once written informed consent had been obtained. All specimens were snap frozen in liquid nitrogen for 24 h and then stored at -80˚C prior to further processing. The study was approved by the ethics committee of the Third XiangYa Hospital of Central South University (Hunan, China). Patient consent was obtained from the patient as well as the patient's family.
Western blot analysis. Total protein from tissues samples and the cultured cell lines was harvested in a radioimmunoprecipitation assay lysis buffer (Sigma-Aldrich Co, St. Louis, MO, USA). A volume of extract equivalent to 100 µg total protein was separated by 7.5% SDS-PAGE (Well Biological Co., Ltd, Changsha, China) and transferred onto polyvinylidene difluoride membranes (Invitrogen Life Technologies). The membranes Figure 1 . Hierarchical cluster analysis of genes showed the differential expression of genes between miR-133b-transfected HT-29 and SW-620 cells and untransfected cells. Horizontal lines represent single genes, and each column represents a single sample. Red indicates upregulated genes, whereas green indicates downregulated genes. Gene upregulation was defined as a fold change in relative transcription levels of Log FC>1.5 and FDR<0.05. Downregulation was defined as Log FC<-1.5 and FDR<0.05. Genes with relative transcription levels of -1.5<Log FC<1.5 were considered to show no significant change. miR-133b, microRNA-133b; Log FC, Log fold change; FDR, false discovery rate. were incubated with Tris-buffered saline and Tween-20 (TBST) (Well Biological Co., Ltd) containing 5% skimmed milk at 4˚C overnight. Membranes were then incubated with the following primary antibodies: goat anti-CTGF polyclonal antibody (1:500) and GAPDH rabbit polyclonal antibody (1:2,000), at room temperature for 2 h. The membranes were then washed three times with TBST and incubated with HRP-conjugated rabbit anti-goat antibody (1:10,000) and HRP-conjugated goat anti-rabbit antibody (1:2,000) for 1 h. Membranes were then washed three times with TBST and treated with western blotting luminal reagent (Pierce ECL Western Blotting kit; Thermo Fisher Scientific Inc., Vilnius, Lithuania) for band visualization, the results were obtained using an ImageQuant LAS 350 (GE Healthcare) and quantified by densitometry. Blots were performed in triplicate.
Statistical analysis. All statistical analyses were conducted using the SPSS version 16.0 software package (SPSS, Inc., Chicago, IL, USA). Data are expressed as the mean ± standard deviation. Differences between groups were compared using analysis of variance and two-tailed t-tests. The χ 2 test was used to analyze the significance of the association between miR-133b expression and clinicopathological characteristics. Each experiment was performed independently at least twice and obtained similar results. P<0.05 was considered to indicate a statistically significant difference.
Results
Microarray analysis of CRC cell lines. In order to investigate whether there was an effect of miR-133b on the expression of individual genes, cluster analysis was performed to organize genes into clusters based on the similarities of their expression levels. Statistical analysis using an unpaired t-test demonstrated that a total of 103 genes were differentially expressed (72 upregulated and 31 downregulated) between HT-29 and SW-620 cells (Fig. 1) . The 20 genes downregulated to the greatest extent were differentially expressed in miR-133b-transfected HT-29 and SW-620 cells, compared with the corresponding type of untransfected cells, with the fold change calculated based on the mean value of the two cell groups (Table II) . CTGF was identified by microarray analysis as a potential target candidate of miR-133b interaction (log FC=-4.41, FDR<0.05) and was selected for further study.
CTGF is a direct target of miR-133b. As miRNAs have been implicated in the repression of gene expression, it was hypothesized that miR-133b may target a negative regulator of the expression of CTGF. Using computational screening (TargetScan; Whitehead institute for Biomedical Research, www.targetscan.org), it was shown that the 3'UTR of CTGF contains a potential binding site for miR-133b (Fig. 2A) . The transfection efficiency of synthetic miR-133b was evaluated in the human HT-29 and SW-620 CRC cell lines. As shown in Fig. 2B , RT-qPCR analysis demonstrated that miR-133b levels in miR-133b-transfected cells were significantly higher than those in untransfected or control-transfected cells (HT-29 cells, P<0.01; SW-620 cells, P<0.01).
In order to investigate whether miR-133b expression influenced CTGF expression, mRNA and protein levels of CTGF were examined in miR-133b-transfected cell Fig. 2C ). Western blot analysis showed that the protein levels of CTGF were also downregulated following overexpression of miR-133b in SW-620 and HT-29 cells, compared with those in the controls (Fig. 2D) . Quantification of protein bands revealed a four-fold decrease in CTGF protein following overexpression of miR-133b (P<0.05; Fig. 2E ). In order to determine whether the observed reduction in CTGF expression is directly driven by miR-133b, reporter gene assays were conducted in HT-29 and SW-620 cells. The entire 3'UTR of CTGF was cloned into the pYr-MirTarget-control vector, creating a luciferase reporter gene containing the seed match for miR-133b. In addition, a mutated reporter construct was generated, in which the miR-133b seed match sequence was deleted from the 3'UTR of CTGF. Co-transfection with the CTGF wild-type-3'UTR construct and miR-133b yielded a significantly reduced relative luciferase activity (SW-620 cells, P<0.05; HT-29 cells, P<0.05; Fig. 2F ). However, the luciferase activity of the reporter construct that had been mutated at the specific miR-133b target site was not reduced in comparison with that in untransfected cells, when simultaneously transfected with miR-133b (SW-620 cells, P<0.05; HT-29 cells, P<0.05; Fig. 2F ). This suggested that the 3'-UTR of CTGF is a functional target site for miR-133b in HT-29 and SW-620 cancer cells.
Verification that CTGF expression is inversely correlated with miR-133b expression in human CRC specimens.
In order to gain insight into the biological functions of miR-133b and CTGF in human colorectal carcinogenesis, the expression of miR-133b in human CRC tissues and paired healthy counterparts was analyzed using RT-qPCR. Following this, the expression levels of miR-133b and CTGF mRNA were measured using comparisons with the human CCD-18Co healthy colon cell line as a reference. The relative expression levels of miR-133b in tumor specimens compared with those in the CCD-18Co cells (0.55±0.41) were significantly lower than the relative expression levels in non-tumor specimens compared with those in CCD-18Co cells (1.32±0.24; P<0.001). The relative expression levels of CTGF mRNA in tumor specimens (1.46±0.36) were significantly higher than those (0.57±0.32) in the corresponding non-tumor specimens (P<0.001; Fig. 3A) .
The effect of miR-133b expression on that of CTGF was assessed using data obtained from RT-qPCR. A significant negative correlation was observed between CTGF mRNA and miR-133b expression (n=71, r=-0.385, P<0.01, Pearson's correlation; Fig. 3B ). These data demonstrated a reciprocal regulation of miR-133b and CTGF, suggesting that downregulation of miR-133b may lead to CTGF overexpression in CRC tissues.
Furthermore, western blot analysis was conducted in order to determine whether protein expression of CTGF was consistent with mRNA expression. As hypothesized, the alterations in CTGF protein levels in tumor samples compared with those in non-tumor samples were in accordance with changes in mRNA levels in these groups. Protein levels of CTGF were verified in CRC tissues (P<0.05; Fig. 3C and D) .
Correlations between miR-133b, CTGF and clinicopathological features. In order to evaluate the correlation between miR-133b and CTGF mRNA expression as well as clinicopathological factors relevant to CRC, the samples were divided into groups according to whether they exhibited low or high expression using the median values of miR-133b and CTGF mRNA levels. Patients with expression levels of miR-133b in tumor tissues below the median value of 0.47 were assigned to the low expression group (n=36), while patients with miR-133b expression levels in tumor tissue ≥0.47 were assigned to the high expression group (n=35). In addition, patients with tumor CTGF mRNA expression levels below the median value of 1.49 were assigned to the low expression group (n=36) and patients with tumor CTGF mRNA expression levels ≥1.49 were assigned to the high expression group (n=35). Current staging for colorectal cancer is based on the 7th edition of AJCC Cancer Staging Manual (16) . There was a significant difference between the groups with low and high expression of miR-133b in terms of cell differentiation, lymph node metastasis and clinical stage, with a low expression being associated with poor differentiation, lymph node metastasis and a more advanced stage (P<0.05; Table III ). However, no significant difference was found between the groups with low and high expression of miR-133b in terms of patient age, gender, tumor site or extramural vascular invasion status (P>0.05).
Furthermore, a high expression of CTGF was associated with advanced clinical stage (stage III or IV vs. I or II) and lymph node metastasis (P<0.05; Table III ). No significant difference was detected between the groups with low or high expression of CTGF mRNA in terms of patient age, gender, tumor site, tumor differentiation or extramural vascular invasion status (P>0.05). The association between the levels of miR-133b and CTGF mRNA expression and the clinicopathological characteristics is summarized in Table III . In brief, the data suggest that miR-133b and CTGF may be candidate therapeutic targets in colorectal cancer, in particular in stage III and stage IV tumors.
Discussion
Previous studies have indicated that miR-133b is differentially expressed in CRC tissue samples and cell lines compared with healthy tissues (6, 17, 18) . The present study demonstrated that CTGF is a potential functional target of miR-133b. The expression levels of miR-133b and CTGF were shown to be correlated with the clinical stage and lymph node metastasis in colorectal cancer tissues, indicating that levels of miR-133b and CTGF may be useful as clinical biomarkers of tumor malignancy and thus prognosis.
Downregulation of miR-133b has been reported in a number of cancer types, including gastric, lung and bladder cancers (19) (20) (21) . The high frequency of miR-133b downregulation in various types of cancer suggests that miR-133b may be involved in oncogenesis. In the present study, data analysis confirmed that specimens with a low miR-133b were more likely to exhibit poor cell differentiation, lymph node metastasis and advanced clinical stage. No significant association was detected between the expression levels of miR-133b and the patient age or gender, the tumor site or the extramural vascular invasion status in 71 patients with CRC.
The CTGF protein is a 38 kDa extracellular matrix protein, which is a member of the CCN cysteine-rich family of proteins. CTGF has multiple functions. It interacts with integrin receptors and numerous growth factors. In addition, it serves as a biostore for angiogenic factors such as the vascular endothelial growth factor (22) . CTGF modulates certain cellular processes under normal or pathological conditions, including cell adhesion, migration, proliferation, chemotaxis, apoptosis, extracellular matrix (ECM) deposition and angiogenesis (23) . TGF-β and its downstream mediators, including CTGF, are initiators of invasion and migration processes in cancer progression (24) . These processes may be independent from each other, since the TGF-β and CTGF-dependent induction of epithelial to mesenchymal transition was shown to be independent of the profibrotic effects of TGF-β in proximal tubular cells (25) . CTGF has been implicated in other processes necessitating cell migration, such as the re-epithelialization of the cornea, which is mediated through TGF-β and CTGF signaling, leading to downstream extracellular signal-regulated kinase 1/2 and p38 mitogen-activated protein kinase activation (25) . CTGF stimulates integrin expression and has been shown to bind directly to endothelial cell surface integrins (27, 28) , thereby mediating ECM interaction and prolonging cell survival. CTGF is known to mediate anchorage-independent cancer cell growth. Evidence for this is based on findings in which anti-CTGF treatment has been shown to inhibit anchorage-independent growth in vitro, primary tumor growth in vivo and the development of macroscopic lymph node metastases (29) .
The present study demonstrated that miR-133b targets CTGF, indicating a potential mechanism associated with colorectal tumorigenesis. In the luciferase reporter assay, wild-type CTGF was shown to be specifically responsive to miR-133b overexpression. By contrast, the mutated CTGF, which contained a mutation in the miR-133b binding sites within the CTGF 3'UTR, successfully abolished the effect of miR-133b transfection on luciferase activity. This was Table III . Association of clinical and pathological characteristics with high or low miR-133b and CTGF mRNA expression. confirmed using RT-qPCR in CRC specimens, which showed that miR-133b expression was negatively correlated with CTGF expression. RT-qPCR and western blot analyses demonstrated that CTGF was highly expressed in human CRC cell lines, as well as in primary tumors from patients with CRC. Furthermore, a significant correlation was observed between increased levels of CTGF and advanced tumor, nodes and metastasis stage. These findings indicated that miR-133b may lead to lymph node metastasis and advanced clinical stage via regulation of CTGF.
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In conclusion, the present study demonstrated that CTGF was a target gene of miR-133b in the human colorectum. The role of miR-133b in CRC was further highlighted by the demonstration of a correlation between its expression and certain clinicopathological characteristics. These results suggested that CTGF may be used to establish a possible link between the biological function of miR-133b and the pathogenesis of CRC. Furthermore, miR-133b and CTGF may be candidate therapeutic targets in colorectal cancer.
